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1   Introduction
The robustness of buffer status reporting was discussed in RAN WG2 Meeting #62bis, where one contribution [1] identified the following two error cases:
· in case two BSRs are reordered and for which the eNB cannot determine which of the two was computed before the other. For example, the UE generates a BSR indicating empty buffers but the next BSR indicates that new data has arrived since the previous BSR; because of HARQ, the BSRs are received out-of-order and the eNB could not determine if it has missed the uplink transmission or if the UE has missed the initial grant;

· in case the Regular BSR that triggered the SR is lost in the initial grant after the maximum number of HARQ retransmission, and where the scheduler would in general rely on upper layer protocols for retransmissions;

These cases are examined in this contribution and possible improvements suggested so as to improve the robustness of BSR reporting.
2 Discussion

Case 1: Out of order BSRs

In the case that a BSR is sent in conjunction with data, there is a sequence number present in the MAC packet arising from the RLC sequence number of the data segments in the MAC packet, which could be used by the eNB to arrange received BSRs in the correct order.

Additionally, the redundancy version numbering on HARQ retransmissions, and the synchronous nature of the HARQ processes, mean that the eNB can limit the possible transmission times of an original transmission to a small number of options.

Considering both of these aspects, it seems that out of order BSRs is a very rare event, which only occurs when:

· A UE empties its buffer, sends a zero BSR, then receives more data, causing a new non-zero BSR to be sent.

· Neither BSR is received correctly at the eNB in the original transmission.

· Multiple HARQ retransmissions of each BSR also fail.

· Finally eNB receives certain retransmissions of each BSR, in a particular order.

Given the rarity of this event, it seems unnecessary to add a solution at this time. However, extending the RLC sequence numbering into zero BSR could be used to prevent it, if necessary. This would not cause any extra overhead, since the zero BSR will contain padding anyway.

Case 2: Lost BSR

The fundamental problem is that the first BSR is lost and as this is sent as a MAC CE then no high layer re-transmission (e.g. RLC) of the lost packet is possible, and the current rules do not cause a new BSR or SR trigger.

A problem with the BSR procedure as defined is that there is a possibility that the information that the network “knows” about the state of the buffers in the UE can be different to the actual state of the UE buffers. 
This can occur as detailed below:

BSRs are transported as MAC control elements that are subject to HARQ protocol. This means that an individual BSR may be delayed as the initial transmission may be not be received correctly by the eNB and one or more re-transmissions may be required. If the Maximum number of transmissions of a regular BSR is reached without the BSR being successfully received by the eNB then there is no guaranteed way for the UE to recover from this as there is no trigger defined for the UE to send an SR or repeat again the failed BSR.
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Figure 1 Initial BSR not received

The problem is that if that first BSR is lost then there is no way to generate a subsequent SR to obtain UL resources (because unless data of even higher priority arrives in the buffer, the data currently in the buffer does not trigger another regular BSR and hence an SR) and a deadlock situation would arise. 
One possible solution involves configuring periodic BSRs. If a periodic BSR is configured and the initial BSR is lost then this “lost” BSR will be sent in the first configured UL resource for the periodic BSR. The disadvantage of this is that it requires periodic BSRs to be configured with a sufficiently short interval that the deadlock time is small, and this would increase the control signalling overhead as when data is present in the UL buffer, BSRs will be sent more often. Moreover, if the network does not allocate a grant for the configured periodic BSR, the periodic BSRs cannot be sent and the UE is also not allowed to generate an SR in such a case. 
A solution to this problem [1] suggests allowing the periodic BSR to generate an SR but only for a configurable amount of time, according to the following condition:

“If a Periodic BSR has been triggered since the last transmission of a BSR and the UE has data available for transmission, and the time since the transmission of the last BSR exceeds the BSR STALL AVOIDANCE timer then a Scheduling Request shall be triggered”.
This would solve the problem but only if periodic BSRs are configured. 
A more robust mechanism is for a UE to send a second buffer status report (BSR) when the transmission of a first buffer status report is not positively acknowledged by the network. If there is no uplink grant available on which to send this BSR, an SR will be triggered.
This will be known by the UE, as the maximum number of HARQ transmissions for the BSR has occurred without the MAC packet containing the BSR being positively acknowledged by the network.
Therefore, the simplest solution is that the UE triggers a Regular BSR on failure in the transmission of the MAC SDU containing the last (Regular) BSR.

One potential inefficiency of both the already proposed solution [1], and the new proposal, is that an eNB may deliberately withhold an uplink grant from a UE, in a case of highly loaded network. According to the proposals, the response from the UE would be to trigger a new BSR or SR – further congesting the network. It is not clear that this is actually a likely or significant error case, hence it is not addressed here. If necessary, this could be resolved by the eNB signalling to the UE that it has received the request, but that it is not providing any uplink grant (e.g. a zero grant).

3 Conclusions
A problem with the current specification, is that if that first BSR is lost then there is no way to generate a subsequent SR to obtain UL resources (because unless data of even higher priority arrives in the buffer, the data currently in the buffer does not trigger another regular BSR and hence an SR) and a deadlock situation can arise. 
The simplest solution is that the UE triggers a Regular BSR on failure in the transmission of the MAC SDU containing the last (Regular) BSR.
A text proposal for 36.321 is shown below:
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5 Text Proposal for 36.321

5.4.5
Buffer Status Reporting

The Buffer Status reporting procedure is used to provide the serving eNB with information about the amount of data in the UL buffers of the UE.

A Buffer Status Report (BSR) shall be triggered if any of the following events occur:

-
UL data arrives in the UE transmission buffer and the data belongs to a logical channel with higher priority than those for which data already existed in the UE transmission buffer, in which case the BSR is referred to below as “Regular BSR”;

-
UL resources are allocated and number of padding bits is larger than the size of the Buffer Status Report MAC control element, in which case the BSR is referred to belowo as “Padding BSR”;

-
a serving cell change occurs, in which case the BSR is referred to below as “Regular BSR”;

-
the PERIODIC BSR TIMER expires, in which case the BSR is referred to below as “Periodic BSR”;
-
the transmission of the MAC SDU containing the last transmission of a Regular BSR has failed, in which case the BSR is referred to below as “Regular BSR”.
For Regular and Periodic BSR:

-
if only one LCG has buffered data in the TTI where the BSR is transmitted: report short BSR;

-
else if more than one LCG has buffered data in the TTI where the BSR is transmitted: report long BSR.

For padding BSR:

-
if the number of padding bits is equal to or larger than the size of the Short BSR but smaller than the size of the Long BSR, report Short BSR of the LCG with the highest priority logical channel with buffered data;

-
else if the number of padding bits is equal to or larger than the size of the Long BSR, report Long BSR.

If the Buffer Status reporting procedure determines that a BSR has been triggered since the last transmission of a BSR:

-
if the UE has UL resources allocated for new transmission for this TTI:

-
instruct the Multiplexing and Assembly procedure to generate a BSR MAC control element;

-
restart the PERIODIC BSR TIMER.

-
else if a Regular BSR has been triggered since the last transmission of a BSR:

-
a Scheduling Request shall be triggered.
NOTE:
Even if multiple events occur by the time a BSR can be transmitted, only one BSR will be included in the MAC PDU.

A pending BSR shall be cancelled in case the UL grant can accommodate all pending data but is not sufficient to accommodate the BSR MAC control element in addition.
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